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ABSTRACT 

The applicability of a mathematical theorem designed 
to trace causality of a three- variable path that consists of an 
initial cause variable, an intermediate variable, and a final-effect 
variable with control over other system variables is evaluated. The 
formula was used with a horizontal rather than a noimal distribution, 
as had been done in an earlier study which successfully demonstrated 
the theorem. Her i zon tal ly-di sf r ibu t ed random numbers (200x c ) were 
generated and substituted into five interdependent equations to 
produce five: scores for each of 200 pseudo people. Methods and 
techniques, data sources, and results are presented. Results indicate 
tha^ the model is reliable, potentially useful to the practitioner as 
a multivariate tool in educational research, and a possible 
instrument for the investigation of causality. (AE) 
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k THEOREM TO CONFIRM OAl’fiAL ERECTIONS 



IN A CLOSED SYSTEM OK 'IVE VARIABLES 



ABSTRACT 



A theorem derived from a previous study wae teeted in thi b study, 

THEORJWi In a J-variable path consisting of initial-cease variable A> 
Intermediate variable and final-off ect variable £, with control for other 
system variable* Kt 

l d ^cb*k/«J < | d ^tb*k/c! 

whore a and £ are stepped into regression to obtain beta differentials, 

i^ca^kbl i^ac'kbl * 

| r ac*kl l r ab*kl < ^* i r bo*k | 9 
^ac'kbl | r ab*kol ! r bc*kal * 

Duplicating the previous study but with the important difference that 
horj zontal rather than normal distributions were used, the present study 
yielded the finding that the theorem was reliable and potentially useful « 
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A THEOREM TO CONFIRM CAUSAL HI RECTI ON 3 



IN A CLOSED SYSTEM OF FIVE VARIABLES 



George A. Nigro 
Brl stol Co/cununlty College 

A paper presented at the 19^9 A2RA Annual Meeting* exposed a set of 
inequalities based on the development of a "bet* index." This index Mas proposed 
as a confirming device for causal directions of three-varl abl e paths in a stepped- 
regression and correlation analysis from dur.my data. These inequalities were 
completely consistent for causal directions but were inconsistent for acausal 
directions. The set was generalized to four mathematical statements of asymmetry 
and proposed as a theorem for this paper. 

THEOREM* In a three- variable path consisting of initial-cause variable A, 
intermediate variable B f and final-effect variable C, with control for other 
system veriables K 

l d ^eb*k/J ^ ' d ^aVk/o! U) 

where a and c are stepped into regression to obtain beta differential a , 

|^c.*kbl <” V WkJ » ^ 

l r .o-kl < I'.b-k !< | r bc-k I » 

u ' d | r .o , kbl < '- | r .b*kcl < f | r bo-ka I * 

The purpose of the present paper 1 s to report on the study to teot the 
theorem in a duplication of the previous study but with one important difference 
th**t ho ri zontal rather than no;/E&al distributions were ueed. Sinoe the theorem 
oould be demonstrated with normal distributions, would di srptr alone extending the 
input data to the limits of horizontal di gt ributicns upset the theorem? 

C*ie might argue intuitively that the theorem should be robust if it is to 
ba accaptid for vi da usage. But it should be rigorously tested firet. If then 
also demonstrated as tenable, speculation should be then made as to the applica- 
tion of the theorem with real data. 



VBTHODS AND TECWIQUES 



200x5 horizontally-distributed random numbers > fyi were generated and 
•ubatitutad into fiva intardependent equationa to product five scores, , for 
each of 200 peeudo-ptopls, as follows. 




* * * (5) 

= ife (6) 

Xj = bjiX! / bj2X2 / (7) 

X4 = MiXi / ^2^ / R4 



The data were then c\ mputeri zed end subjected to stepped-regrossion and 
correlation analysis* Beta and correlation coefficients produced which resulted 
follow the usual explanations given in texts, whereas the beta diff erenti al s 
require a set procedure outlined in the previous paper! 4 Basically, for any 
given beta weight for variable A^ on the intermediate variable B, with control 
for other system variables the last variable 0 is stepped into regression to 
produce a new beta weight ot: variable B; the algebraic difference between, the 
two beta weight* is found and it* absolute value is the "beta differential* for 
Variable A on variable dr'l^b-k/o or sinply d/3 a b> *» given in the right-hand 
member of Inequality 1. In like manner, the beta differential for variable C 
on variable b is found for coup arl son* Comparison of the beta diff erential e 
should demonstrate or fail to demonstrate the bets constancy pr inciple ! the 
beta coefficient of an intermediate variable in a causal direction remains 
relatively constant at other system variables are introduced and controlled in 
stepped regression, whereas that in the accusal direction changes noticeably. 



If Variables A, B, and 0 are related causally as in Figure 1 above, and 
if other Astern variables Kj as epfrofriete, are controlled, then condition 1 
(inequality l) of the theorem is exe:rllflei. 

From the second of the two regression equations used for each beta 
diff erenti al» the beta coefficient for the end variable, A in predicting variable 
C or C in predloting variable A, is taken for comparison. Again, if the variables 
are related oaueelly as in Figure 1 above, condition 2 of the theorem is exempli- 
fied, 

Correlation comparisons of condition* J and A are also exemplified in 
Figure 1 Above for variables oaueelly related as shown. 

The data for from Equations 5 throtigh 9 relate causally as ehovn in 
Figure 2 below* The wiights ware sot aqual to 1 to simplify manipulation and 
analysis, as in the pTeriou* eiuty. The then served r.s input data in regres- 
sion, the beta and correlation coefficients as output for analysis. 
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Figure 1* Oaucal Direction A-B-C 
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In the initial stages of data processing, certain checks were conducted* 

(l) the 5x5 correlation matiix revealed no r tignifi^ ir.tly different from 
zero at the *01 level; (2) the left and right members c' Equetione ^ through 9 
were found equalj to five significant figures, when s' ’ ro*:riate mean I\tnd X^ 
were substituted; and { j) the b weight® found in regression equations approxi- 
mated the b weights in Equations 5 through 9 , predic 4 ^d \end mean being 
found equsT, to five significant figurec. 

Following the rule* outlined by Blalock^ fine 1 , check was made to confirm 
the efficacy of the model given in Equations 5 through 9 and in Figure 2, as 
outlined in Table 1 below. Briefly, a i causal model * includes a finite set of 
explicitly defined vaviablea asSUmod to be intnrrela tod causally along logically 
ascertained patha; and it is aleo assumed that outside variables, while operating, 
do not disturb the causal patterning within the system. Because tha ay stem was 
actually designed to be causal as shown in f igure 2, the assumption s are not 
necessary in this model. 



Table 1. 


Correlation 


Checks for Model from 


Figure 


2* 




Pro diction 
Equation 


Partial 

Control Value 0 


Actual 

Value 


Path 




Expected 


7*lu. d 


r 12 - 0 


b 


b 


-016 » 


b 






b 


r 15 = 0 


r 15*24 


0525 


5750 


r l4 r 45 






kni 


4 

* 

II 

O 


r >4- 125 


0527 


6850 


r lj r l4 


/ 


r 25 r 24 


6615 


r 55 = ° 


r 55‘12 


-00J5 


Wo 

L- . 


r 2J r 25 


/ 


r 25 r 24 r 45 


7001 



Note— Values are checked in two ways, first by the partial showing a true 
correlation of zero and second by the expected \alue of correlation 
proAicts in paths where varieties are to be controlled, 
a Decimal points precede values lirted. 
b Check is not necessary by design. 

c Value of partial approximates value of prediction equation, 
d Value of expeoted path approximates actual (zero-order) value. 

* At df of 200, *o] i8 S roa ^ er then cir equal to .101*. 

The correlation products in the expected paths, such as in Table 1, are 
reflected in numerator* of the forrwilae; that is, the second term In the 
numerator. Aa euch, if appropriate pathB ere controlled, the gum of such 
products should approxinate the actual (zero-order) vslue of the correlation 
and ther«fora, when subtracted from the actual value, would product the zero 
value necessary. In other words, the actual value* may be consi lered spurious 
if not zero by the designed model. One should check partial r math formulas* 

VI th the final check* of correlation a within the model satisfied, the model 
wag initially disregarded. Vith the five variables, JO possible three-variable 
bi-directional pathsoould be sxsnined; that it, 60 possible directions. However, 
from Figure 2, disregarding arrowhead leaders, only nina paths nesd bo analyzed* 

^ '45, 152, 1*2, 245, 254, 514, 524, 525, and 425* (Path 145 may also be referred 
0 path 541; a direction, moreover, may only be referred to only in the direction 
J^ Mh. ord.r.J nua.r.1. for nrliUH, for nupli, direction 1-4-5 indicating rr 

initial-causa, intermediate, end final-effect variable*, in order.) In ths 
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analysis, however, paths 14^ and 245 were studied first, since they were the 
only two de signed n cauael. ? or ease of understanding, the correlation matrix 
of ail zero orders and partial a was studied first, by triads, in blocks of 
correlation values for comparisons, for condition® 5 and 4 of the theorem, for 
each ®tep ia regression (partialling); all steps had to yield results consistently 
the same in order for asymmetry# Betas and beta differentials, pioceAire outlined 
abov% were then studied, step by step; again, all steps had to yiold results 
consistently the same in order for asymmetry. Any inconsi stencieo tentatively 
would indicate dropping a path completely. However, correlations would have to 
be reanalyzed logically in that conditions J and 4 are compounds of three ine- 
qualities# 

The total variance* in predicted variables J, 4, and 5 wore then checked 
for contribution by component X^ ii\ the standardized regression equations. It 
wss expected that the more dependent an was on system variables, the higher 
would be the variance accounted for. 



QfcTA SOURCES 

Uxmxy data were generated via programs for IBM at the Boston College 

Computer Center, under the Title IV program, ESEA, PL 89-10 (directed by Dr. 

John J. Walsh). Random R^, as described above, were substituted into Equations 
5 through 9 to produce Xi , the latter then subjected to atepped-regreasion end 
correlation analysis for the model in figure 2 (originally suggested by Dr. 
Ronald L. Nutt all, also of Boston College) . 



RESULTS AND CONCLUSIONS 

Blocks of correlations were compared by triads, the first set being that 
for variables 1, 4, and 5, *e presented in Table 2 below. Since there was no 
link designed for connecting variables 1 and 5* the only two direction© to 
cheok were 1-4VJ and 5~k*l, and then by coirparing th©a« two directly. 




T.bl. 2. 


Correlation Comparisons for Variables 1, 4, 


and 5f with Control s ft 


Control. b 


r 15* 


r l4. 


r 45 * 


Direction 0 






For Condition 


5 d 




- 


5750 


55^4 


6850 


1-4-5 


2 


59M 


7124 


8I65 


1-4-5 


5 


-0155 


2574 


7919 


1-4-5 


25 


4592 


5629 


7699 


1-4-5 






For Condition 


4« 




X 


-29 81 


5177 


675* 


1-4-5 


x2 


0525 


4380 


6 959 


1-4-5 


*5 


-#79 


4JS7 


8251 


1-4-5 


x2> 


0*90 


56 94 


0965 


1-4-5 



4 fttfriaal points precede value* listed. b For partial a of ra. 

o From comparison of absolute values. d Control only for~vaTiabl©a K. 

• Control for third variable in path as well as for variables Kj hence, at used. 



il 
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In the traditional eons©* it seems ridiculous to control variables whore 
it is not logical. For example, holding variable 1 constant should not bo dono, 
tinco variation in variable 4 is reduced by vari^cl© 1; hence, r^ is reducsd* 

It would also be absurd to hold variable 4, the intervening variable, constant, 
since variable 5 varies with variable 4 and not directly with variable 1* 
Nevertheless, the information is easily availeMe vrith very little extra time 
or effort on the computer. Real life system* of variables do not seem so a 
priori as ont may hypothesize. Ana nevertheless, the investigator haa chosan 
to diartgard such sound advrioe for the sake of discovery! 

Direction 1-4-5 ic the tentative decision for conditions J and 4 from the 
correlation study. 

Regression aquations in standard form were next studied for path 145* as 
presented in Table 5 below. 



T.ble 5 . 
Oth. r Xj • 


Beta Studies for Path l45 ( 

Direction 1-4-5^ 
x x X 4 d ^ 


a 

Direction 5-4-1® 

d$i4 X^ 


D1 recti on^ 

f 3 a/3 


- 


-1664 


885 O 

9767 


0957 

1 


4659 1 


5564 

.C 22 J 


-5277 


1-4-5 


1-4-5 


2 

2 


0175 


6690 

6555 


0155 


I 

i o4oj 


8959 

8556 


0602 


1-4-5 


1-4-5 


J 

5 


-2201 


8277 

8902 


0625 


5091 


2842 

795? 


-6150 


1-4-5 


1-4-5 


2 , J 
2 , J 


052 ? 


6750 

65 M 


0186 


0504 


5804 

5500 


0748 


1-4-5 


1-4-5 



a Deoimal points praoade values listed except where actually shown, 
b 7ariable 5 is predlotad. c Variable 1 is predicted, 

d from oomparl son of absolute values, t Variables in regression equations. 



Again direction 1-4-5 is the decision; conditions 1 and 2 art satisfied. 

Returning to the modal of Figure 2 and then to the correlation matrix for 
a logical analysis) it appears that to satisfy the r/stsm bsst f 

| r 15 * 2 ^l < | r • 2 1 < | r *5.2 I • < 10 > 

The values, respectively, for the members in Inequality 10 sre.OJSJ, ,7124, and 
>91 6J| the order being the ssuta as required by Inequality 10; that is, ascending, 
Hsnct) direction 1-4-5 is accepted ae causal. 

Procedures as in Tables 2 and 5 were repeated for relatione among variables 
2, 4, and 5* A« one rosy guess* finding oaueal relatione for variable* 1, 4, and 
5 was feirly simple, because there la no link between variable* 1 *nd 5, as ee«i 
O in Figure 2 . Obvioualy, path 245 would be difficult to deoide th# direction of 
oausslity, slnoa all three variable* are linked, and it vaa precisely hare that 
a modification to the theorem presented itself, as taken up later. The prooedjre 
for a duplication of that in Table 2 produce* direction 2-5-4 as the tentative 



6 



decision instead of the designed direction 2-4-5; that ii r the ascending order 
of r i i i r 2h* r 25» and r 45 * Despite this deviation from what was expected, it 
is most important to note that al 1 correlations when compared yielded results 
consistently the same, for all entries in the blocks. Since it vie noted that 
r 24 was less than r/^, however, the second and third members of conditions 5 
and 4 of the theorem, as spplied to direction 2-4-5, were met; this would raesn 
a revision to the theorem would be needed to drop the first member or to have 
same reflected in a new condition. In light of a final step of logio at the 
macroscopic level, as in Inequality 10, such an added condition along with revi- 
sion of conditions 5 and 4 teems indicative. ( See Table A for correlations.) 



The procedure of Table 5 for betas and beta differentials was also repeated 
for variables 2, 4, and 5* Noting that with an impending revision of conditions 
5 and 4 three different directions wore feasible, 2-5-4, 2-4-5, and 4-2-5, con- 
dition* 1 and 2 were checked in sets of regression equations for sach of thess. 
Thtse werei (l) predicting variable 4 from variable 5 * then stepping end variable 
2 into regression; ( 2 ) predicting variable 5 from variable 4, then stepping 
variable 2 in; and (j) predicting variable 5 from variable 2, then stepping 
variable 4 in. For comparison, as in the right aide of Table 5 , the reverses of 
these directions were compiled. In ell three cases, conditions 1 and 2 were met. 
Again not di ecouragtd, the investigator noted that all steps yielded consistent 
reailts. The variables 2, 4, and 5 ere so confounded that the decision as to 
the correct direction, 2-5-4, 2-4-5, or 4-2-5, would have to depend on logic in 
the final analysis. (No wonder the word “confounded 1 has an emotional stigma 
attached to it not unlike Angl o saxon e ee 1 ) (S^e Table B for betas.) 



Returning to the model of Figure 2 and than to the correlation matrix for 
a logioal analysis, it appears that to satisfy the system best, three inequalities 
would here to be true? but only one can ba true! 



For 


direction 2-5-4, 


| r 24 - 1 1 


< 


l p 25 **| < ~' l r 45*2 1 • 


( 11 ) 


For 


direotion 2-4-5, 


l p 25 .*l 


< 


l r 24-ll ^ | r 45*2 1 • 


( 12 ) 


For 


direction 4-2-5, 


| r ^5 • 2 I 


< 


| r 24 -1 1 < | r 25-4 1 • 


(15) 



The values for the members in Inequality 11 are, respectively end in the same 
order, 7410. 5974, and 8 l 6 j; Inequality 12, 5974, 7410, and 8 l 6 j; snd Inequality 
15, 8 I 65 * 7*10, and 5974, Thus, direction 2-4-5 is accepted as oausal, in that 
for Inequality 12 yields values in seconding order and the others do not# (This 
sounds pragmatic, and it is, but it is considered less so then groping in the 
dark from personal bias.) 



The remaining five paths, 1J2, 142, Jl4, J24, and J25, were rejected as 
eaueal in that ooBparisons did not yield consistent results for the four condi- 
tions of the theorem, as expected. 




A revisit to the previoue study* revealed that the same results were ehown 
in both studies; that ie, for both horirontal and normal di etributions of fy. 
Exactly what happened to the Xi oould only be guessed at first. In tha first 
study, nil distributions were bell-shaped, both and X^ . But in tha present 
etudy, Xi and X^ were rectangular since they were equated to and determined by 
R^ and Ugi respectively; whereae Xj, X 4 , and X^ , when grouped, were feund to 
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be bell-ahaped, a# indicated in Figure 5 below, Like rolling a number of dioe, 
the probability of getting central value* ia greater than that of getting extreme 
valuta, low or high. 



Inequality 7i S 




± 1 


~ 1 


/ 






X 3 

Inequality flt yf 


*1 

/ 


*2 


/ 


R j' 


*A 

S' '\ _ , 

Inequality 9t S ~ I 


h 


*2 

L ^ X' 


*a 

L 



Xg X4 

Figure J. attribution* of Ehdogenoue System Variables 



Total rariancea for predicted variable* 5, 4, and 5 were accounted for by 
both %*nd in tho previous study to the extent of lOOjt, a* axpected. In the 
present atuty, the same would be found) herice, total variance* wore only oheoked 
for contribution* by Xj , a* shown in Table A below, each that 

^a*vx * ^mw*x r mw ^ ^noc'w r mx * 

The partitioning show* the amount of variance in the predicted variable con- 
tributed by each of the independent variables, X^ , from Equation* 7» <*, and 9. 

The could be taken at , r*ndom noiee* from outside the gya tea; thi* i* tanta- 
mount to the assumption that outside variable*, while operating, do not di eturb 
the patterning of variable* within the r/gtea. (See Table 0 for total variance*,) 



Table A, Verlanca* Accounted For by X^ a 



Pr,diot,d 

7,rWno» B 


Variance 


* from Partition §° [ 


Totnl froE 
IVrtltion« d 


? V12 

6609 


$r r ‘ 5 




— . 


6609 


T A*12 


^Al *2 r lA 


' / ^A 2 1 l r 2 A 


- 




6667 


5151 


5 ?A 6 


- 


6897 


T 5'24 

8585 


^ 52 *A , 25 


^ 5 A* 2 r A 5 

3907 


- 


8583 


V 5*12A 


^51*2A r i5 


^? 52 *lA r 25 


/? 5 A-l 2 r A 5 


8385 


858 A 


OO 65 


2 ^ 


5770 



a Deolaal point* precede value* listed, 
0 ftro<iiots of two value* shown, 






b Fro.a Table 0, 
d Sun* from thi* table. 
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From Table 4 it 1 s noted that the predicted variance and the total* from 
partitions are ^qual within rounding error. It is also noted that variable 5> 
which "deeper" into the cistern (aee Figure 2} than variables 5 and 4, has 
more vai.ance accounted for from within the flystem than variables from outside; 
except for T<^, variable is further removed from , the outside variables, and 
determined more from variation within the system. Indirectly, variable 1 con- 
tributes to variable 5 and is causally related through variable 4; it could 
therefore be argued that variable 1 should be in the regression equation for 
variable 5i but notice how little it contributes to the variance in variable 5- 

A* a aide study of the variance picture, by tradition again, it maxes 
sense to account for aa nuch variL.ice as possible in predicted variable* from 
other variables related to them and stepped into regression to increase the 
variance. For those who seemingly disregard the actual ca ^.l patterning within 
a Astern, it should be quite obvious that variable 1 can be predicted from 
sequentially posterior variable* in such a way as to obtain ip ouch ab 67 $ of 
its variance. Alr> notice how variable 4 can have as imich as 84^ of the variance 
accounted for, if variable 5, a causally posterior varifble is stepped in after 
variable* 1 and 2, its direct causal variables, a preeuiiptuou j fabrication to 
the extent of 15 # more variance accounted for; go natch for the variance accoun- 
tant! 



The problem of using t theorem with four condition* to confirm cau*al direc- 
tion* for threo-variabl e paths In a closed system of five variables was investi- 
gated. It vas consistent, both mathematically and logically, for eletreut 
causal direction*, euch «r, direction 1-4-5. It was consistent in part, mathe- 
matically, for threa-vari able paths where variables were confounded, such as 
path 245, but salvaged by the logic of deciding which variables K to control in 
computing partial*. Clearly, the theorem jooy be loft as is if the stipulation 
i* made to return to conditions 5 and 4 in reference to the first of the three 

member* of the condition; or it would be better to drop the first member of 

conditions J arid 4 and adda fifth condition such that 

| r ao , k , l < ^- l r ab*k" I kbc'lc -1 1 1 ^5) 

where varlabla* follow from logical analysis, Such revision remain* for 
further ututty. The theorem wae also valid for rejectiig possible imitator a 
of causal directions, VI th the one modification on th<» uae of logio after the 
mathematical analysis, causal directions 1-4-5 and 2 -4* *5, the only two designed, 
were not eliminated whereas all others were rejected. The theorem seen* to work 

with horizontal as well a* with normal distributions of in generating a 

^atem of X* t the present *tudy producing the same reailts of ^atem relations 
as ths previous atu<ty. The variance picture for predicted variable* was a* 
axpeoted, with attention called to false variance accosting. 

From the theorem, one should note that there la a jiet of consistently 
logical and mathe~natical inequalities eclating a faaily-llk* relationship. 

In time, the relationship* aniong a grandfather, father, and eon *atm logically 
ordered in ascending order of relational magnitude aa jrandfather-eon, grandfather- 
father, and father-eon. If a characteristic of the ^01 were to be predicted, 
again it would a«am logical to predict from the same c .'mracteri atic of the father; 
and if that oharaoteri *Uc of the grandfather wore stepped into regression, it 
should add lea* to the predloted variance of the eon 1 * characteristic than that 
of the father adds, virile the latter should regain relatively stable. If the 

i n 
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same characteristic verr to be predicted in the grandfather from the father 
and that of the eon ver* stepped in, it seems many a eon tVo generations removed 
has contributed to the old m*n l s unpredic lability* no matter how stable in life 
ho is* Vhen other ^/etem variables are considered, such as characteristics of 
wives, siblings, intruders* peers, and other aaorphoua ij^pedl menta, the father-eon 
relationship seems to remain strong. The theorem poses a r at heretical analog as 
well as a logical one in systematic causal analysis* 

The basic problem of the theorem presently in that it nay have to be con- 
fined to the computer* However, it should at leant be tested with real life 
data, to oross the bridge frora theory to practice* Moreover, the overall 
finding about thv theorem is that it i a reliable for confirming hypothesized 
causal direotiona of three-variable paths and is potentially useful by the 
practitioner. It is further speculated that the utructure of analysis epitomized 
in Tables 2 and 5 car. serve as a basis for determining as well as confirming 
causal directionsj that is, for also generating hypotheses* 



SCIENTIFIC OR educational importance of the study 

The educational world is largely a nonexperi mental and correlational one. 
Mas*** of data are available and nuat be handled. High-speed computers are also 
available. Yet how frustrating it i a to both practitioner and researcher to try 
to isolate variables to study their relation ships! How often dose one do with 
a «stem of variables with niich to be desired, palliating only public relatione 
asp eo t«| settling for something nuch lees than the* best! Obversely, how often 
does one look di sdalnfully or confused at sophisticated multivariate statistics! 
Perhaps a nulti variate tool such as the theorem ir thin paper oould be the 
help needed to cross bridges of un do retain, ding betv f een survey research and ex- 
perimental research, theorist and practitioner, researcher and adnrinatrator , 
evaluator and researcher. Ifypotheges or not, it would stake cons® or even provide 
aeourity if guess work were cut down in a measured way, perhaps with the theorem 
as presented herein. It also seen* thet such theorem could si so cut tine in 
analysis and interpretation, were a computer program to come as a byprodict of 
the future studies* Indeed, the ®a thematic a alone of the theorem stems to land 
lo tolsnce. If demonstrated with rsal data, the theorem could abet educational 
practice while also it could be a door opener for causal theory* Once causal 
links art establishsd, ons <&ay then be abls to deidgn an experiment to teet tome 
findinge from survey researoh, if feasible. Science and practice have no real 
borders* Hence, it i a sxpected that follow-up studiss in applying ths theorem 
should yield retfilta for both educational theory and practioe. But oavsat * 

***** ***** ***** 
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Table A. Correlation Matrix of 




5 

4 

25 

24 

5* * 

2jJ» 



15 

14 

^4 

15* 



| 1 
2 

I 4 
‘ 12 

' X ? 
24 

124 



1 

2 

5 

12 

15 

25 

12J 



x -750 

5946 
-•01 5 J 
-298J 
4592 
0525 
-5879 
04?0 

7588 

6250 

8559 

5974 

7288 

5451 

5889 

4985 

8489 

5887 

4252 

1258 

-0055 

2589 

-0158 

-0595 

88J0 

8754 

8loj 

7919 

8959 

8251 

7699 

8965 



a Deolmal points precede values listed. 

b The nuabers sre those of variables controlled; *-* for zero-orders. 

• At df of 200, Tqi is greater than or equal to .181'. 
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Table B. Bet* Coeff icientg of Predictor 




i Deciaial points precede values listed except where actually shown* 
b The numbers are those of variables controlled; for zero-orders. 
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Table C, Multiple Correlations and Total Variances Accounted for Predicted 
(Correlation/Variance) 



Predictor 






Predicted X,® 
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X 2 
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- /- 


0165/0005 


5925/5509 

8150/6609 


5564/5096 


5750/1*06 


12 

125 




- /- 


8299/6387 

85OI/689I 


8518/7255 

8518/725? 


124 






8152/6614 


- /- 


9265/8584 


125 






8150/66c*J 


9162/8595 


- /- 


1254 






- /- 


- /- 


9266/8587 


1255 








9165/8599 


- /- 


1245 






8156/6619 


- /- 




15 




6912/*778 


-1 /«* 


7092/5050 


6470/4186 


15* 




8206/6755 




9014/0125 


1 35 




8680/7555 




9164/8597 


- /- 






8682/7558 




- /- 
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7*11/5*92 


7299. , c 527 




8940/7992 


145 




8259/6822 


7507.^656 




- /- 


15 




8250/6807 


7469/5608 


9153/853? 




2 


01 65/000 5 


- A 


5*71/2995 


6066/5679 


7536/5754 

8076/6521 

9265/8585 


2 5, 

254 


7185/5162 

8182/6695 




/_ 


7581^5448 


255 


7865/6182 






9026/8146 


- /- 


2545 


8187/6705 






- /- 




24 

245 


7125/5076 

7128/5081 




7059/495* 

"059/*955 




9264/8588 

- /- 


25 


5947/5557 




6527A260 


8885/7891 




5 


5925/5509 


5*71/299; 


- /- 


68 59/4678 


6469/4135 


5* 

5*5 


6276/5969 

6899A759 


655l/*008 

7801/6086 




- /- 


8849/7851 


55 


5924/5510 


7621 /58C9 




8955/8015 




4 


5564/5096 


6060/5679 


6859/*678 


- /- 


8850/7796 


45 


6090/5709 


7704/5955 


6900/4762 




- /- 


5 


5750/1*06 


75S* '575* 


6469/4185 


8850/77 96 





a Decir^al points precede values listed. True variances *re underlined, 
b The number 3 are those *>f variables Contributing to Variance of 

predicted vsriatle; that is* "independent" variables in regression 
equations. 

o X. listed art "dependant" variables in regression equations. 

• At df c i 200, r^j is greater than or equal to *l8l, .212, .2j4, or *25> 
for 2, h f or 5 variables, respectively*. 
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